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Hybrid Wastewater Treatment System
Using Anaerobic Microorganisms
and Reed (Phragmites communis)
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The most important recent wastewater regulation by the United States Envi-
ronmentnd Prodection Agency (PA) requires secundary trestment as the mini-
manm :|'..'|L"L"pt:'lhll-.' leveld of tremtment |'Iri|.|l' tey st rface wailer 'I.li"'hﬂllﬂ'gl.'. '|'|1i:..1 Cai-
baned with inerewed idusirinl woste discharged ino domestic sewers, has
inereased sigmalicantly the need Tor improved wistewster treatiment methods (o
mieet e sccombary standunds ax well as the removal of hasardous chemivals in
MUY TS

b many locations where the wvailuble supply of fresh groundwater has hecome
contaminuled with txic chemicals or inadequate rainfall his drostically lowered
the gromwndwater tble, sdvanced wastewnter trentment and rense of wing LU sailer
will b s pewessity in the near Tulure,

Pecause of these mcrensing demands (o improve wastewster treatment melh-
vals, innovative wastewater ireatment lechnology mist be developed. The present
eeonumiv comditions in the United States also diciate thig this techmslogy musi
b less encrgy intense, cost elfective aml more cfficient than Present wisivwiale )
treiwtiment mathioals,

The separate uses of snaerobic microorganisms and vasculur aquatic plants
hiave Been eviluated during the past 15 yround show promise ay sliernite wiste
waler treatment methods. Water hyacinth (Eichhornia crassipes (Mart.) Solms-
Labo.) in wastewater trealment has been researched and studied extensively hatl
in the laboratory and fiehd applications (Boyd, 1970; Corawell et al., 1977; Dulfer
il Muyer, 18 Dunigin ot al, 1975 MeDonuld and Walverton, 190 O
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aml Sutlon. 1975 Rogers and [avis, P20 Sheflielhd. 1967 Stephenson el ul..
190 Stewart, 1970; Walverton el il 1936L This plant has been sbceusslully
usidd i wistewanler Lreatment in the south W southwestern United States (Dinges,
1Y, Walverton, 1979 Waolverton wnd MeDonald, 9749,

The snnervbic fler concept I teating domestic wastewsier wits firsl dem-
onstrated by Young and McCarty (1'%9). Since that lime the development of this
technolugy for both energy production and veastewater trestment has developed
rapidly (Koon ei al,, |47 swilzenbaum and Jewell, 1978, Walverion and
Mo Donnhl, 1981),

Roesearch conducted at NASA's National Space Technolugy Luburmories
INSTL) in Missisaippd during the past several years his led 1o Lthe development
of & simplified natural biclogical provess which promises o be a mujor techno-
logical comribution to wastewaler treatment and water recycling, This process is
made up of a combination of the oldest of wastewater tremment Llechnvogy (sep-
vie tanks ond trickling filters) apd the latest devilopment in anncrobie filter and
vaseular aguatic plant wastewster treatment technology.

Instead oF Moating vegetation, (his S¥Atem uses irooted viscular sgialic plant—
the reed Phragmites commeniy ‘Trin. This commaon reed, whose abilily w purify
wastewater has been well estublished (Dedong, 1976; Seidel, 1978), Brows
throwghout the world and is the mast widesprend of the emergent aquatic planis
(Seulthorpe, 19670 1t can tolerite o PH range of 2 8-8.% ind prefers saliminies
below 10 ppt, bul can tolerate Up ta 40 ppt Tur shory periods (Haslam, 1972
Nikatbigewshin, 1970 Philipp and Hrown, 190, | B mitiogen removal potentind of
reed is 3I0-K00 and J50-850 kb for ibove g helow growumd nrss, res pectiviely:
the phosphores removal is 10-30 and M- R, respectively IDedwng, 1970
Diykyjova and Hedecka, 1976 Dykyjova, 197K: Galligher aml Plumley, 197y,
Kvel, 1973 Muson and Biyunt, 1975: Mu-..'lm:u_-ku-l.ul.-.-.u;g, 1974 Mikolupe vskig,
1971 Swake, 1968; Zdunowski et al., I97H). Biomass production reported for regd
N the United Suues runges lom O, S0 39 M0 e hin | Woostluke, P, Combined
b il b lovwe-p roum privlisciien in hydropanic culinre ramges Tpom
2074 1 khwiyr in 1=3oyrold cultupes Dy kyjova, 1971 D kyviowy and Ye-
bBer, |97H).

Detas from this new hybrid system sing the commoen reed and rock filiers fire
presented in this naper,
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The expenimentul systems shown in Fig, 1 consisted of plistiv-covered gon
tiners with 113 capacities. which were ised us anserobic setiling Lunks for
receiving ruw sewnge, In each eapenment. 87 1 of rmw sewige wis cullected in
the setiling unks, After the ruw sewWade setiled X b, 0 was Pumped inte metal
broughs, 305 cm wide, 0.5 em deepand 298 cm Lo, llled 0 16 ¢m witli X, 5=7. 5
i diimeter railvoad rocks with Ly Livver, 5 om deep, of 0.25-1,3 cm dinmeter
pea grivel, OUne trough was free of plants and another fromgh contmined reeds
LI iraaieeriifen ¢ ertentni ) which were grown un the surluee of the rock filler. The
WELSICWaLler retentin lime in e Piwoughs was M b,



| WIELNERI M WASTEWATEE JHEA TR LEL]

'._u-.'._ A Ak '_'-.,
',",",",',_ﬂ_:ﬁ" = B-—" il HiH B FIU B aRpd BEHE e £ M
IWEATMENT LTLL

AMALRGHIC SETTLERD TARR

HAM SERALE g - L
INFLUENT AEEDIEOCE FILLID i !
quuuum: TREARENT AL

FIRAL CLAR P ICREFIN IAM
! Uil WEDS Ab PR GRAWTL COATTD
METHARE AlD CO, i T B AR Lot § S

ALHIHEIC flini

,»-1-—'—']‘] | | Al a ! e i 110
LLE AR ) i : | V WASTTAR| LR

i L HI : ;":I}"L"j:-'ﬂ',ﬁ';'i-i-'- e AT A

g #tj]’l T D ARl TR S AL T A TIVEL 20
¥ '.k{ﬁ.fﬁiﬁl [
L o A A EOE e

i .f'l.l1'-l-:l. --l':r‘1

—
J.T‘ Diltgyyy il

NR-TL D |
Aralmnie pensriow ! }
AR LA REY HOELGCT DR €1 E y

[l kb tba i

iﬁ i lfhtr -

10 W1 L0 RS TR
AR RIRICFILTER

P 1= Tag. 1 Papermentol sastevwster nealme nd vy sty ims ising aiaciebiiy mes oo ganisims anil
veed {Phragnies vomannind. g, Y Anscrobic Blier-vaseular aguatic plamt wastewalen ireaimenl
spaligm.

SAMPLING AR AMALYSIY

Rivw sewigee Tor all experiments was obtained Trom NSTL Sewage Lagoon # 1
influent. The rw sewage was pumped direcily into the settling ks and trans-
ported back o the laboratory. Imtial sumples were removed Trom the setling
tunk at the laboratory. The delay of upproximately 30 min prior o sumple col-
leetion for analysis caused the initial dati to be low, Analyses were performed
weeurding to Sramdlerd Methods iAmencan Pablic Health Assn., 19715, The -
day bivchemicm oxvpen demand (RO was determined on all samples, Tobual
suspendied salids (15851 were determined on all sumples except those alier & hoin
the anaerobie ler, Total Kjeldahl nitrogen K N), smmonia-nitrogen (INH-N),
ind total phosphores (TP) were determined on initial and Hnal samples.

The initial and final lguid volumes were measured 10 caleulate evaporation and
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eviapolranspirition rites from the plani-free filter and the rock-reed fler, re-
speelively. Minimum and maximum duily greenhouse lemperatures avernged 14
and 380, respectively,

HISULTS

The raw duta for BOD, and TSS of the plant-free annerobic ilter system ure
presented im Table 1. The averuge of the 10 experiments performed demonstrated
thist & pluin anaerobic Bller in series with u setiling tank can reduce the IR0,
from L4t 14 mgl simd the TSS from S0 o 15 gl in a totil of 48 b, The iy
seltling ok i eilective for I8% removal Tur wecaniary treatment, However,
BOHY, of 81 mgd still Tur excesds the ) mel EPA maximum disc harge require-
menls. The anwerobic filier was far more efficient far B, removal due o e
ncreased surtuce wrea for microbial growih.

The hybrid system was the same as the Previous system except for the wddition

S reeds to the anserobic filler, The seltling tank for this system showed ipproy-
imailely the same elliciency T B3, and 1SS remuoval as the one Far the (-
free system as seen in Tuble 1. The hybrid aniwerobic system redvced the HOD,
from 1O w3 gl wnd the TSS from 64 1o 6 mdin ootoinl of 48 b, However, u
24 horetention time is nol necded with the hybrid system. A f-h sampling of this
filver shawed thit thy BOEY, had alecudy been redoced 1o 9 gl wndd il the ity
were well under the 30 mg/) maximom. A direct comparison of the average DO,
andd TS5 of buth systems can be seen in Fig. 3 wnd 4, respecrively,

The hybrid system was also superivr for nutrient removal. The plant-free Y=
fem data in Tubde 2 show thal this System reduced the TEKN from 154 10 136
gl the NWH-N Trom 126 10 1.6 mgd. and the TP from 5.8 1w 5.3 mgil alfver 24
hin ciach companent, The averige dila are presented in bar graph form in Fig,
L The hybrid system with reeds reduced (he TEN from 16.1 10 2.9 mg/l, the
MH.-N fram 124 10 0.6 mg/l, and the TP from A4 to 2.0 mgd as shown ig Table
4. The menn ditn are presented in Fig, 6. The data for the hybrid system meets
tertiary mutrient standards of 3 mg/l Lur mitrogen and ulmost the requirement of |
mig*for phosphors,

The averape evaporation loss from the plani-free filier wis 0.3 e, The
wvanatranspiilion vive Tor the weed-rock lier wis 113 Ve,
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Fig. 3. Fig. % HOD. of paw sewage ilter 24 boseliling and & und 4-k CAPISUE i1 sinciirihig
liliers with ael withiail reeds Fig. 4, THY of riw sewnge ulter M4 & selileng amdl MK i sl
Nlgis il anad walbsig jeeds, Fig. 5, TKM, KH M, ami Pl anitald ruw sewige und the il eflluent
allcr 2 b imicribie sl ling tank sl 24 ko plant-free risck Bilier, | g b TR, BN, w1
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Phe wastewuter treatment system discussed in this rapn is e op ol 2 ijor
vamponents: compaonent 1is aosludge collecting and digesting chamber which
miny consist of u simple seplic tunk, n covered e rolsic higoon or & high surface
arci snuerobie digester us shown in Fig, 2 component 2 is a hybrid anaerohic
filter containing attwhed microbial flters und voseolue vepiiatie plants, Rovks wr
vinyl core medie can be used for the bottom miceshial filter with pea gravel ur
reluted materinl used on op L suppt the vascular aguulic plunts (reeds, ele.).
Vinyl core media hiave been used For 20 ¥r For tickling Giller type media amd con
he abtained commercully. They comtiai g o 204 @ of sinifiee aren per cubie
meler of media. This is wpproximately four times that of a rock filter, Rocks
creite a A0-500F void while vinyl core media cun CREnte up tooa Y79 voiud, Vinyl
s lightweight und easier 1 transpart and install, However, vinyl presently
LOLE mare per system thun rocks in most parts of the intry,

" Wistewster from the wiaerehic senling tank Nows inte the bamom uf the filier
cell then upwurd 1w near 1he iy during the trealment process. The lower iinaer-
obie portion of the filter continues [he cunversion of complex organics which
sturted i the settling tank, The Wi giseous end products ol anicrobic digestion
are cirbon dioxide and methane, Complex wrganics are broken down into simpler
compounds which can he assimilated by the reeds. Odorous volutile sulfidey
produced duning anacrobic digestion are either removed by the plants or con-
verted o nonvolutile sulfiies by aerobic microvrganisms near the surface of the
filter vell, thus ¢larilying the final efMuent ol completing the treatment Process,

This system promises 1o be cost elfective in both instllation amd P ratinm and
mure versitile thun present systems. 11 can be s Lslled in medules with additional
unils addded in series when reguired for expansion or wdvanced winslew iiler 1l
ment. This concept also by polentinl us & lghtweight, COMPCT system Tor wiisie-
Waler treaiment in spice Stations,
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